INTRODUCTION
If one looks at a raw seismic reflection (exploration) record, one notices that apart from the desired reflections and (mostly undesired) surface waves, there are a lot of other events that are normally described as "seismic background noise". And as a result, one of the goals of a data processor is to eliminate this unwanted noise. But there is also useful information in the seismic noise -it may contain propagating waves (transmission response) even though these are not a result of conventional exploration sources. Claerbout (1968) was the first to show how to make use of the seismic noise. He proved that for a 1D acoustic medium the autocorrelation of the transmission response can reconstruct the reflection response of the medium. Later, he stated the conjecture that in the case of a 3D acoustic medium, one should crosscorrelate the observed at the surface transmission response to reconstruct the reflection response. Wapenaar et al. (2002) proved Claerbout's conjecture for any 3D inhomogeneous acoustic medium (later also for elastic), starting with one-way wavefield reciprocity theorems. They showed how to reconstruct the reflection response in the case of deterministic as well as white-noise sources in the subsurface. At about the same time, other authors derived similar relations using different techniques for applications in different fields (Weaver and Lobkis, 2001; Schuster, 2001; Derode et al., 2003; Snieder, 2004) and as a result different terminology was introduced for the same process. To avoid confusion, it was proposed, in a special issue of Geophysics dedicated to these techniques, to use the term Seismic Interferometry (SI) for reconstruction through crosscorrelation (Geophysics, July-August issue of 2006).
One of the applications of SI for exploration is the reconstruction of the reflection response from the crosscorrelation of seismic background noise recorded at the surface. In the normal seismic processing scheme, such noise is discarded. Several authors have shown the successful application of SI for the reconstruction of surface waves from seismic noise (Campillo and Paul, 2003; Sabra et al., 2005; Shapiro et al., 2005) .
In the following sections, we present results from the application of SI to seismic background-noise data recorded in a desert area. The aim of the experiment was to reconstruct reflection records that can be used in exploration, for example in frontier exploration areas.
FIELD EXPERIMENT DESCRIPTION
In 2005, Shell carried out a small field experiment to test the applicability of SI with seismic background noise for reconstruction of the reflection response. The experimental set-up consisted of 17 standard industry 3-component geophones arranged in a single line. The geophone spacing was 50 m and the time-sampling rate was 4 ms. The array was planted in a desert area. The particular site was chosen so that there would be an active seismic survey available along the line to allow for verification of the reconstructed results and that the cultural noise was minimal during the recording of the background noise. Standard exploration equipment was used, which allowed for a maximum record length of 70 s. The background noise recording was then interrupted for 30 s to store the already acquired record. To be able to reconstruct the reflection response of a medium from crosscorrelation of noise, one needs time series at least of the order of hours. For this reason, 524 70-seconds records were acquired amounting to about 10 hours of seismic background-noise data.
RECONSTRUCTION OF THE REFLECTION

RESPONSE
To reconstruct the reflection response from the recorded background-noise data, we used the SI relation as derived in Wapenaar and Fokkema (2006) using two-way wavefield reciprocity. In the frequency domain this relation reads
is the Green's function observed at the surface at x A due to a source at the surface at x B with a source spectrumŜ (ω) equal to the power spectrum of the background noise. This Green's function represents the observed p-component of the particle velocity (ν) due to a traction source (t) acting in the q-direction (p, q = 1, 2, 3). As both the source and receiver are at the surface, the Green's function is the surface shot response including the reflections of the medium. At the right-hand side of relation 1, · stands for spatial ensemble average andν obs p (x A , ω) denotes the observed p-component of the particle velocity that one will measure at the surface at x A when all subsurface noise sources are acting simultaneously. As the receiver is at the surface and the sources in the subsurface,ν obs p (x A , ω) represents the transmission response of the medium. Relation 1 states that by crosscorrelating (in the time domain) the observed transmission responses at two points from subsurface seismic background-noise sources, one can obtain the reflection response and its anti-causal version at one of the points as if a source were present at the other point. In the derivation of this relation, it was assumed that the medium along the subsurface sources is homogeneous, hence ρ and c P are constant. If the noise sources are present in the subsurface so that they illuminate the observation points from all directions, then the causal (at positive times) and the anti-causal (at negative times) part of the reflection reponse will be the same and to obtain the reflection response we can just mute the negative times.
According to relation 1, to reconstruct the vertical component of the particle velocity from a vertical traction source, we have to correlate the vertical components of the recorded background-noise data. We used the following procedure. One 70-seconds recording (a background-noise panel) was energy-normalized. Then, we extracted one of its traces (a master trace, in Figure 1 at x 1 = 0 m) and crosscorrelated it with the same background-noise panel to obtain a socalled correlation panel. We repeated this for all 524 background-noise panels by always taking the master trace at the same location. The resulting 524 correlation panels were then summed to obtain a final reconstructed reflection shot gather. Due to the energy-normalization of the background-noise panels, in the summation process all the correlation panels contributed to the final result. Inspection of the frequency spectrum of the background-noise panels showed that the useful information is mainly below 12 Hz. For this reason, the reconstructed results were band-pass filtered between 2 and 10 Hz. Figures 1(a) - (e) show the intermediate results from building the final reconstructed common-shot gather as if from a source at horizontal position x 1 = 0 m. The panels were clipped to bring forward the events at later times. One can appreciate how the addition of extra background-noise panels, which effectively means having longer recording times, includes more subsurface information and increases the signal-to-noise ratio. Due to the short array spread and the low frequencies and due to the fact that the geology in the area is composed of nearly horizontal layers, the reflection events below 1.5 s should appear nearly horizontal.
Figures 1(a)-(e) show the first 10 s of the causal part of the reconstructed results, while the negative times were muted. This is justified if the subsurface background noise sources illuminate the recording array from all directions. In reality, we could not know if this is really so. That is why we also looked at the negative times. was difficult due to the negligible moveout. Therefore we took two other approaches based on the assumption that the subsurface is composed of horizontal layers.
For the first approach, we sorted the reconstructed common-shot gathers into common-offset gathers. The traces in the individual offset gathers were summed together, the resulting trace was divided by the number of summed traces and assigned to the corresponding offset. This operation should bring forward any coherent events that were present in the reconstructed results. The results of the common-offset stack operation are shown in Figures 4(a)-(c) . Automatic Gain Control (AGC) was applied to bring forward the late arrivals and offsets larger than 650 m were not used. Figures  4(a) and 4(b) show the first 10 s of the reversed-in-time anti-causal part and the first 10 s of the causal part of the common-offset stack panel, respectively. The negative value of the offset denotes geophones to the left of the simulated shot position. Indeed, now one sees more clearly the inclined and horizontal coherent events that were also visible, to different degrees, on the individual shot gather panels. We interpreted the inclined events as surface waves. The horizontal events could be interpreted as reflections (primaries or multiples). However, surface waves with a propagation front parallel to the receiver array could also produce horizontal coherent events. We come back to this later. What is also interesting to observe in Figure 4 , is the mirror symmetry of (a) and (b). This could be a hint that the background-noise sources were mainly concentrated on one side of the receiver array. When the subsurface consists of horizontal layers, the negative and positive offsets should exhibit the same coherent events. One can see that the sum of (a) and (b) will produce this result, which shows that indeed the summation of the causal and anti-causal part of the reconstructed records will give the complete picture. By summing (a) and (b) and further summing the positive and negative offsets, the signal-to-noise ratio is further increased (see Figure  4 (c)). For comparison, 4(d) shows the common-offset stack result from finite-difference elastic forward modeling, for which we used a simplified 1D model based on the results from the active survey. This panel is included to show the shape of the expected coherent arrivals (and in this way to help the interpretation of Figure 4 (c)) and should not be used for travel-time comparison.
The second approach is a brute stack of the traces in each individual reconstructed common-shot gather. The resulting trace is assigned at the position of the simulated shot position of the corresponding shot gather. This operation is equivalent to a physical plane-wave experiment, where the receiver array would emit a plane wave and record its response. The result of this approach is that (nearly) horizontal coherent events will be amplified. At the same time, random noise, inclined coherent events and reflections with moveout will be suppressed. The results of this operation are shown in Figure 5 (b). Note that AGC was used to boost the later arrivals. One can see clear presence of several coherent horizontal events, which can be reconstructed reflections. These events are pointed out with arrows. The first two of the horizontal events were not that clearly visible on the common-offset stack panel ( Figure 5(a) ). with 5(c) shows that the four coherent horizontal events pointed out with the arrows can potentially be reconstructed reflections. The active reflection data was 6 s long and therefore that did not allow a comparison of later arrivals.
As noted earlier, the reconstructed horizontal coherent events could in principle also be caused by surface waves propagating with a wavefront parallel to the receiver array. The following arguments show that this is not very likely. One should look at the 3-component background-noise records (in the band between 2 and 10 Hz) and look for (nearly) horizontal arrivals, which after crosscorrelation would produce the horizontal coherent events in the reconstructed shot gathers. In the background-noise recordings, surface waves should be registered on at least two of the three components of the geophones. We looked at the background-noise recordings for (nearly) horizontal arrivals. We found such arrivals in several of the background-noise panels. Most of these arrivals had the same amplitude as the rest of the events in the panels, but there were a few with amplitude 5 to 50 times higher (note that after normalization this difference in amplitude will not matter). Figure 6 shows horizontal arrivals found in panel 66 and starting at around 12 s. One can see that the first arrival in this figure is only registered on the vertical component, which points out that this is most likely a plane body wave arrival.
CONCLUSIONS
We applied Seismic Interferometry to ten hours of passively acquired seismic background-noise data consisting of 524 noise panels each of which was 70 seconds long. The crosscorrelation produced coherent events in the reconstructed shot gathers. The more noise panels were included in the reconstruction process, the better the reconstructed result. Coherent horizontal and inclined arrivals appeared in the causal as well as in the anti-causal part of the reconstructed shot gathers. The causal and anti-causal parts were not symmetric, which means that the background-noise sources do not illuminate the receiver array uniformly from all directions. The crosscorrelation results were band-pass filtered between 2 and 10 Hz. Because of these low frequencies and because of the short length of the receiver array, reflection events below 1.5 s should appear nearly horizontal. We interpreted the reconstructed inclined coherent events as surface waves. As the geology in the area is nearly horizontally layered, we applied two stacking methods that amplify the reconstructed coherent events -common-offset stack and brute stack.
Both results were compared with a Post-stack time migrated section from an active reflection survey. The reconstructed horizontal coherent events appear to align very well with imaged reflectors from the active survey. Based on this and on the analysis of the 3-component background-noise data, we interpreted the reconstructed horizontal events as reconstructed reflections. 
